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Description

TECHNICAL FIELD

[0001] The present invention relates to stabilized pol-
ymer compositions. The invention further relates to film
capacitors and power system components comprising
such stabilized polymer compositions.

BACKGROUND ART

[0002] Polyolefins are the most commonly produced
polymers globally, with polyethylene being the most com-
monly produced polymer and polypropylene being the
second most commonly produced polymer. They are
used in an extremely wide variety of applications, such
as capacitors, electric cables, packaging, textiles, con-
struction materials and automotive parts. However, these
polymers are prone to degradation through oxidation due
to exposure to heat and UV radiation. This is especially
the case for polypropylene which has a tertiary-carbon
bound hydrogen atom attached to the polymer backbone.
Such hydrogen atoms have a relatively low C-H bond
dissociation energy and are therefore especially prone
to abstraction by oxygen-centred free radicals during ox-
idative processes.
[0003] In order to prevent oxidative degradation of
polyolefins during processing and use, quantities of anti-
oxidants are commonly added to the polyolefins during
manufacture. These antioxidants are capable of reacting
with peroxyl radicals formed during oxidative stress of
the polyolefin in order to break the oxidative chain-reac-
tion and thus protect the polyolefin from further degrada-
tion.
[0004] Besides polyolefins, a large range of other pol-
ymers are commonly stabilized using antioxidants.
These include acrylics; polystyrene; styrenic copolymers
such as ABS, MBS and SBS; polyacetals; polyamides;
polycarbonates; polyesters; polyurethanes; PVC and
polyvinyl butyral.
[0005] The antioxidants most commonly used in poly-
mers are of the sterically-hindered phenol type. A com-
mon feature of such antioxidants is the presence of an
ortho-substituted phenol moiety having a low O-H bond
dissociation energy. Such phenols can sacrificially do-
nate a phenolic hydrogen atom to a peroxyl radical, there-
by forming a peroxide and a phenoxyl radical, and pre-
venting the peroxyl radical from abstracting a hydrogen
atom from the polymer backbone. The produced phe-
noxyl radical reacts further by combinations of dispropor-
tionation, reaction with a further peroxyl radical and/or
dimerization in order to ultimately provide harmless non-
radical products. In this manner the propagation of the
oxidation radical chain reaction is broken.
[0006] The most widely used commercial antioxidants
for polyolefins are relatively low molecular weight mono-
functional or oligo-functional sterically hindered phenols,
such as the monofunctional 2,6-Di-tert-butyl-phenol, 2,6-

Di-tert-butyl-4-methylphenol (BHT), 2-tert-Butyl-4-meth-
oxyphenol (BHA) and Octadecyl-3-(3,5-di-tert.butyl-4-
hydroxyphenyl)-propionate (Irganox 1076); the difunc-
tional 2-tert-Butyl-6-(2-hydroxy-3-tert-butyl-5-methyl-
benzyl)-4-methyl-phenol (Cyanox 2246) and 2-tert-butyl-
6-[(3-tert-butyl-5-ethyl-2-hydroxyphenyl)methyl]-4-
ethylphenol (Cyanox 425); the trifunctional 1,3,5-Trime-
thyl-2,4,6-Tris (3,5-Di-tert-butyl-4-hydroxybenzyl)ben-
zene (Ethanox 330) and 1,1,3-tris (2-methyl-4-hydrox-5-
tert-butyl phenyl) butane (Topanol CA); and the tetrafunc-
tional Pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-hy-
droxyphenyl)propionate) (Irganox 1010).
[0007] However, there are a number of drawbacks to
using such small-molecular antioxidants that limit the sta-
bility, performance and properties of the stabilized poly-
olefin product. Phenol antioxidants are relatively polar
and therefore are poorly soluble in the nonpolar polyolefin
matrix. This can cause inhomogeneous distribution of
the antioxidant in the polyolefin matrix leading to matrix
antioxidant concentrations insufficient to inhibit oxidation
of the polymer. Further consequences of this inhomoge-
neous distribution are antioxidant migration and leach-
ing, and accelerated antioxidant loss when the polyolefin
is exposed to heat, solvents and strong electric fields.
Thus, the limited solubility of the antioxidant in the poly-
mer matrix may limit the service life of polyolefin products,
cause health and environmental issues due to leaching
of the antioxidants, and limit the fields of application of
the polymers. Moreover, antioxidants may increase the
dielectric loss of polyolefin materials, and therefore re-
duction of antioxidant quantities in dielectrics may for this
reason be desirable.
[0008] In order to ameliorate the deficiencies associ-
ated with typical small-molecular sterically hindered phe-
nol antioxidants, the development of polymer-bound anti-
oxidants has been explored. The aim of such research
has been to produce polymeric antioxidants having im-
proved compatibility with the polyolefin matrix and a re-
duced tendency to leach or migrate.
[0009] Zhang et. al. (Zhang, G., Li, H., Antensteiner,
M., & Chung, T. M. (2015). Synthesis of functional poly-
propylene containing hindered phenol stabilizers and ap-
plications in metallized polymer film capacitors. Macro-
molecules, 48(9), 2925-2934) discloses the synthesis of
a family of polymeric stabilizers containing a polypropyl-
ene backbone and several pendant hindered phenol
groups (PP-HP). Some PP-HP copolymers showed high-
er thermo-oxidative stability than pristine polypropylene
(PP) and commercially stabilized PP products. Improved
oxidative stability was also observed in PP/PP-HP
blends. The effectiveness of the PP-HP polymeric stabi-
lizer was attributed to its compatibility and cocrystalliza-
tion with the PP homopolymer, resulting in a uniform dis-
tribution of hindered phenol moieties.
[0010] There remains a need for improved stabilized
polymer compositions.
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SUMMARY OF THE INVENTION

[0011] The inventors of the present invention have
identified a number of deficiencies with prior art stabilized
polymer compositions. Commercial mono-functional and
oligo-functional sterically hindered phenol antioxidants
are cheap and widely available. However, such antioxi-
dants are relatively insoluble in the polymer matrix, es-
pecially when the polymer is semi-crystalline, leading to
problems with insufficient antioxidant concentration, mi-
gration and leaching. Polymer-bound antioxidants have
been developed to overcome such problems, but the pol-
ymer-bound antioxidants are themselves more cumber-
some than traditional antioxidants to manufacture, not
currently widely available, and therefore expensive, es-
pecially in the quantities required to provide sufficient pro-
tection for the polymer matrix.
[0012] It is an object of the present invention to provide
a polymer composition that has excellent resistance to
oxidative degradation, that has a low propensity to leach
or exude antioxidant, and that is cost-effective. Such pol-
ymer compositions may also be known as stabilized pol-
ymer compositions, whereby it is meant polymer compo-
sitions having a greater resistance to oxidative degrada-
tion than corresponding polymer compositions not com-
prising antioxidants.
[0013] The object of the invention is obtained by a pol-
ymer composition according to the appended claims. The
polymer composition comprises:

a) a polymer matrix;

b) a polymeric antioxidant that is compatible with the
polymer matrix and that comprises pendant phenol
antioxidant moieties; and

c) a mono- or oligo-functional phenol antioxidant.

[0014] The polymeric antioxidant in such a composi-
tion acts as a compatibilizer between the polymer matrix
and the mono- or oligo-functional phenol antioxidant.
Thus, the addition of relatively small quantities of the pol-
ymeric antioxidant to the composition allows for a much
improved dispersion of the traditional mono- or oligo-
functional phenol antioxidant in the polymer matrix. This
means that the antioxidants remain in the polymer com-
position and are less prone to migration and/or leaching.
The higher concentration of well-dispersed antioxidant
in the matrix means that the polymer composition has a
much improved resistance to oxidation. Other properties
of the polymer composition, such as the dielectric prop-
erties may be tailored due to the possibility of using the
polymeric antioxidant to increase the dielectric constant,
and/or using lesser quantities of mono- or oligo-functional
phenol antioxidant, due to lessened leaching and migra-
tion.
[0015] The polymer matrix may comprise one or more
of a polyolefin, a natural rubber, an acrylic, polystyrene,

a styrenic copolymer, a polyacetal, a polyamide, a poly-
carbonate, a polyester, a polyurethane, PVC, and poly-
vinyl butyral. All of these polymers are commonly stabi-
lised using phenolic antioxidants. The polymer matrix
may be a polyolefin selected from polyethylene (PE),
polypropylene (PP), polymethylpentene (PMP), poly-
butene-1 (PB-1), polyisobutylene (PIB), ethylene propyl-
ene rubber (EPR) and ethylene propylene diene rubber
(EPDM). Such polyolefins include, but are not limited to,
LDPE, LLDPE, VLDPE, HDPE, XLPE, MDPE, UHMWPE
and BOPP. Polypropylenes have low polarity and/or are
semi-crystalline, meaning that traditional mono- or oligo-
functional phenol antioxidants have particularly low com-
patibility with such polymer matrices. The present inven-
tion solves this problem.
[0016] The polymeric antioxidant may comprise the
same monomer units as the polymer matrix. By this it is
meant that the polymeric antioxidant may be a copolymer
comprising all of the monomer units present in the poly-
mer matrix as well as monomer units comprising pendant
phenol antioxidant moieties. The polymer matrix and the
polymeric antioxidant may be capable of co-crystallising
with each other.
[0017] The polymer composition may comprise a poly-
olefin as the polymer matrix and a polyolefin copolymer
as the polymeric antioxidant.
[0018] The pendant phenol antioxidant moieties may
comprise phenol groups comprising one or two ortho-
substituents selected from C1-C4 alkyl, Cl-C4-alkoxy,
amino, N-alkylamino and N, N’-dialkylamino. The ortho
substituents lower the OH bond dissociation energy of
the phenol and increase its antioxidant effect.
[0019] The polymeric antioxidant may comprise from
0.2 to 10 mol% pendant phenol antioxidant moieties. This
is sufficient to allow the polymeric antioxidant to act as a
compatibilizer between the polymer matrix and the anti-
oxidant phase.
[0020] The mono- or oligo-functional phenol antioxi-
dant may be selected from 2,6-di-tert-butyl-phenol, 2,6-
Di-tert-butyl-4-methylphenol, 2-tert-butyl-4-methoxy-
phenol and octadecyl-3-(3,5-di-tert.butyl-4-hydroxyphe-
nyl)-propionate, 2-tert-butyl-6-(2-hydroxy-3-tert-butyl-5-
methyl-benzyl)-4-methyl-phenol and 2-tert-butyl-6-[(3-
tert-butyl-5-ethyl-2-hydroxyphenyl)methyl]-4-ethylphe-
nol, the trifunctional 1,3,5-trimethyl-2,4,6-tris (3,5-Di-tert-
butyl-4-hydroxybenzyl)benzene, 1,1,3-tris (2-methyl-4-
hydrox-5-tert-butyl phenyl) butane, pentaerythritol tet-
rakis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate),
and combinations thereof. Such antioxidants are mass-
produced, readily available, cheap and well-proven in
polymer applications.
[0021] The pendant phenol antioxidant moiety and the
mono- or oligo-functional phenol antioxidant may have a
matching hindered phenol structural element. By this, it
is meant that a part of the pendant phenol antioxidant
moiety and a part of the mono- or oligo-functional phenol
antioxidant may have a matching chemical structure. For
example, both the pendant phenol antioxidant moiety and
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the mono- or oligo-functional phenol antioxidant may
comprise a 3,5-di-tert-butyl-4-hydroxyphenylpropionate
structural element. This may further improve the overall
compatibility of the polymer composition.
[0022] The polymer composition may comprise from
0.1 weight% to 90 weight% of polymeric antioxidant, cal-
culated with respect to the total weight of the polymer
composition. Because the polymer antioxidant is com-
patible with the polymer matrix it may be used in a wide
range of concentrations tailored to provide the oxidative
protection required for any given application.
[0023] The polymer composition may comprise from
0.1 weight% to 5 weight% of mono- or oligo-functional
phenol antioxidant, calculated with respect to the total
weight of the polymer composition. This allows a suffi-
cient antioxidant loading to provide excellent protection
against oxidative degradation.
[0024] The polymer composition comprises from 5
weight% to 99.8 weight% of the polymer matrix, calcu-
lated with respect to the total weight of the polymer com-
position. Excellent resistance to oxidative degradation
may be obtained even when the polymer composition is
predominantly composed of polymer matrix.
[0025] The polymer composition may further comprise
one or more further polymer additives, such as stabiliz-
ers, modifiers or fillers.
[0026] According to one embodiment the polymer ma-
trix may be polypropylene and the polymeric antioxidant
may be a polypropylene copolymer.
[0027] According to another aspect of the present in-
vention, the object of the invention is achieved by a film
capacitor according to the appended claims. The film ca-
pacitor comprises a dielectric comprising a polymer com-
position as described herein. Such film capacitors may
be operated at higher temperatures due to their excellent
resistance to oxidative degradation combined with good
dielectric properties.
[0028] According to a further aspect of the present in-
vention, the object of the invention is achieved by an elec-
tric power system component according to the appended
claims. The electric power system component comprises
an insulator comprising a polymer composition as de-
scribed herein. The electric power system component
may be an electrical cable, a cable joint, a bushing or a
cable termination. The excellent resistance to oxidative
degradation means that the electric power system com-
ponent may be operated at higher temperatures and/or
voltages.
[0029] Further objects, advantages and novel features
of the present invention will become apparent to one
skilled in the art from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] For a fuller understanding of the present inven-
tion and further objects and advantages of it, the detailed
description set out below should be read together with
the accompanying drawings, in which the same refer-

ence notations denote similar items in the various dia-
grams, and in which:

Fig. 1 schematically illustrates a polypropylene copol-
ymer comprising pendant 3,5-di-t-butyl-4-hy-
droxyphenyl propionate moieties.

Fig. 2 illustrates the thermogravimetric analysis of
compositions comprising polypropylene, the
polymeric antioxidant PP-HP and the mono- or
oligo-functional phenol antioxidant.

DETAILED DESCRIPTION

[0031] The present invention is based on a discovery
by the inventors that polymeric antioxidants not only have
better compatibility with a polymer matrix as compared
to traditional mono- or oligo-functional phenol antioxi-
dant, but they are also capable of improving the compat-
ibility of such traditional mono- or oligo-functional phe-
nolic antioxidants in the polymer matrix. Therefore, in a
ternary blend comprising a polymer matrix, polymeric
antioxidant and mono- or oligo-functional phenol antioxi-
dant, the polymeric antioxidant acts as a compatibilizer,
increasing the compatibility between the polymer matrix
and the mono- or oligo-functional antioxidant.
[0032] Because the traditional antioxidant may be
more evenly dispersed in the polymer matrix when using
a polymeric antioxidant as a compatibilizer, the effective
concentration of the traditional antioxidant in the matrix
is higher, even when the quantity of traditional antioxidant
used is not increased as compared to conventional binary
polymer/antioxidant blends. This is because in conven-
tional binary polymer/antioxidant blends the antioxidant
forms clusters within the matrix or migrates to the surface
of the matrix due to low compatibility, and therefore is
effectively "lost". This is especially the case for semi-crys-
talline and/or non-polar polymers such as polyolefins,
polyacetals, polyamides, and polyesters; and particularly
for semi-crystalline polyolefins , more specifically poly-
propylene and polyethylene.
[0033] By using a polymeric antioxidant to improve the
compatibility between the traditional antioxidant and the
polymer matrix a number of beneficial effects may be
obtained due to the high and even effective matrix con-
centration of the traditional antioxidant. The oxidative sta-
bility of the polymer composition is improved dramatical-
ly, which cannot be accounted for solely by the small
amount of additional antioxidant moieties present in the
composition from incorporation of the polymeric antioxi-
dant. Moreover, due to better matrix/antioxidant compat-
ibility problems with migration and leaching of the anti-
oxidant may be ameliorated. When using the polymeric
composition in electrical applications, the tendency of the
antioxidant to migrate in electric fields may be weakened.
Finally, the high and evenly dispersed concentration of
the antioxidant in the polymer composition may provide
improved dielectric properties. This is because in con-
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ventional binary polymer/antioxidant compositions the
phase separation and cluster formation of the antioxidant
means that it does not contribute much to increasing the
dielectric constant (ε) of the composition. At the same
time, the interfaces between the antioxidant and matrix
domains increase the dielectric loss of the composition
(tan δ). By increasing matrix antioxidant concentration
and reducing the incidence of domain interphases, the
dielectric constant may be increased, whilst maintaining
low dielectric loss.
[0034] The polymer compositions according to the
present invention comprise:

a) a polymer matrix;

b) a polymeric antioxidant compatible with the poly-
mer matrix, and comprising pendant phenol antioxi-
dant moieties; and

c) a mono- or oligo-functional phenol antioxidant.

Polymer matrix

[0035] The polymer matrix may be any polymer that
commonly requires stabilization by an antioxidant, such
as polyolefins, acrylics, polystyrene, styrenic copolymers
such as ABS, MBS and SBS, polyacetals, polyamides,
polycarbonates, polyesters, polyurethanes, PVC and
polyvinyl butyral. However, the invention is most benefi-
cial to polymers having poor compatibility with traditional
antioxidants, such as semi-crystalline and/or non-polar
polymers. Such polymers include polyamides such as
polyamide 66 and polyamide 11; polyesters such as pol-
yethylene terephthalate (PET); polyacetals such as poly-
oxymethylene (POM); and polyolefins such as polypro-
pylene (PP) and polyethylene. The polymer matrix is pref-
erably a polyolefin selected from polyethylene (PE), poly-
propylene (PP), polymethylpentene (PMP), polybutene-
1 (PB-1), polyisobutylene (PIB), ethylene propylene rub-
ber (EPR) and ethylene propylene diene rubber (EPDM).
This includes such polyolefins as LDPE, LLDPE, VLDPE,
HDPE, XLPE, MDPE, UHMWPE and BOPP.
[0036] The polymer matrix may be a miscible polymer
blend. The polymer matrix may be a homopolymer -
homopolymer blend, such as for example a PET/PBT
blend, or it may be a homopolymer- copolymer blend,
such as for example a PP/EPDM blend.

Polymeric antioxidant

[0037] The polymeric antioxidant is compatible with the
polymer matrix, and comprises pendant phenol antioxi-
dant moieties. By compatible with the polymeric matrix
it is meant that the polymer antioxidant forms a homog-
enous blend with the polymer matrix, or forms a dispersed
blend exhibiting macroscopically uniform physical prop-
erties. If the polymer matrix and polymer antioxidant are
semi-crystalline, the polymer antioxidant may co-crystal-

lise with the polymer matrix.
[0038] The polymeric antioxidant may have a back-
bone that is the same or similar to the backbone of the
polymer in the polymer matrix. Polymer backbones are
considered to be the same if they derive from the same
monomers, even if in the case of co-monomers the exact
distribution of the monomers in the polymer chain may
differ. Polymer backbones are considered similar if they
comprise the same functional groups but differ in a spacer
separating the functional groups. For example PET and
PBT are considered to have similar backbones.
[0039] The polymeric antioxidant may be predominant-
ly composed of the same or similar monomers to the
polymeric matrix. For example, if the polymer matrix is
polypropylene then the polymeric antioxidant may be a
polypropylene copolymer predominantly composed of
propylene monomers. The polymeric antioxidant may be
primarily based on monomer units selected from the ole-
fins ethylene, propylene, 1-butene, isobutylene, methyl-
pentene, dicyclopentadiene, ethylidene norbornene and
vinyl norbornene. Preferably, the polymeric antioxidant
is a polypropylene copolymer.
[0040] The polymeric antioxidant may comprise from
0.2 to 10 mol% pendant phenol antioxidant moieties,
such as from 0.5 to 5 mol% pendant phenol antioxidant
moieties. The mol% of pendant phenol antioxidant moi-
eties in the polymeric antioxidant is defined as the mol%
of monomer units in the copolymer having pendant phe-
nol antioxidant moieties, relative to the total monomer
units in the polymeric antioxidant. This may for example
be determined by quantitative 1H NMR spectroscopy of
the polymeric antioxidant.
[0041] The quantity of pendant phenol antioxidant moi-
eties in the polymeric antioxidant may be expressed ei-
ther in mol% or in weight%, and these units may be easily
interconverted. Taking as an example a polypropylene
(PP) copolymer having pendant phenol antioxidant moi-
eties deriving from 3,5-di-t-butyl-4-hydroxyphenylpropi-
onic acid (HP), the PP portion has a unit weight of ap-
proximately 42 g/mol (not taking into account the linker
groups L extending from the backbone of the polypropyl-
ene). The 3,5-di-t-butyl-4-hydroxyphenylpropionic acid
has a molecular weight of approximately 278 g/mol. A
polypropylene copolymer comprising 1 mol% of pendant
phenol antioxidant moieties has therefore approximately
6.3 wt% 3,5-di-t-butyl-4-hydroxyphenylpropionate
groups.
[0042] The pendant phenol antioxidant moieties may
comprise a sterically hindered phenol moiety, such as a
2,6-disubstituted phenol moiety. Such 2,6-disubstituted
phenol moieties may be 3,5-di-t-butyl-4-hydroxytoluene
moieties or 3,5-di-t-butyl-4-hydroxyphenyl propionate
moieties.
[0043] The pendant phenol antioxidant moieties may
be connected to the backbone of the polymeric antioxi-
dant by a linker. This linker may for example be an n-
alkyl chain comprising from 2 to 15 carbon atoms.
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Manufacture of polymeric antioxidant

[0044] The polymeric antioxidant having pendant phe-
nol antioxidant moieties may be manufactured by any
means known in the art. For example, the polymeric anti-
oxidant may be manufactured by post-functionalisation
of a suitable copolymer with a phenol antioxidant.
[0045] For example, a polyolefin copolymer having hy-
droxy functionalities may be manufactured by copolym-
erization of an olefin with a hydroxy-functionalized olefin,
or a masked or protected derivative thereof. The hydroxy-
functionalized olefin may for example be a straight-chain
alpha C3-C20 olefin having a single hydroxy group on the
carbon atom most remote from the double bond. Suitable
hydroxy-functionalized olefins include, but are not limited
to, 10-undecen-l-ol, 9-decen-1-ol, 8-nonen-1-ol, 7-octen-
1-ol, 6-hepten-1-ol, 5-hexen-1-ol, 4-penten-1-ol, 3-
buten-1-ol and allyl alcohol. The dielectric losses asso-
ciated with the polymeric antioxidant constituent of the
composition may be reduced by using a straight-chain
alpha C3-C10 olefin having a single hydroxy group on the
carbon atom most remote from the double bond. The
polyolefin copolymer having hydroxy functionalities may
then be coupled with an antioxidant having a carboxylic
acid functionality, or equivalent thereof. This coupling
may for example be performed using the coupling rea-
gents EDC (1-Ethyl-3-(3-dimethylaminopropyl)carbodi-
imide) and DMAP (N,N’-dimethylaminopyridine), as dis-
closed in Zhang, G., Li, H., Antensteiner, M., & Chung,
T. M. (2015); "Synthesis of functional polypropylene con-
taining hindered phenol stabilizers and applications in
metallized polymer film capacitors", Macromolecules,
48(9), 2925-2934. However, other means of coupling and
coupling reagents are known in the art.
[0046] Alternatively, the polymeric antioxidant may be
prepared by copolymerisation using a monomer incor-
porating a phenolic antioxidant moiety, such as described
in Wilen, C. E., Luttikhedde, H., Hjertberg, T., & Näsman,
J. H. (1996): "Copolymerization of Ethylene and 6-tert-
Butyl-2-(l, 1-dimethylhept-6-enyl)-4-methylphenol over
Three Different Metallocene- Alumoxane Catalyst Sys-
tems", Macromolecules, 29(27), 8569-8575.
[0047] However, other means of preparing the poly-
meric antioxidant are conceivable. For instance, post-
functionalisation of suitable copolymers may be per-
formed using any suitable coupling chemistry, such as
peptide coupling, transition-metal mediated coupling re-
actions, and cycloaddition reactions such as the Huisgen
copper-catalysed "click" [3+2] cycloaddition.

Mono-or oligo-functional phenol antioxidant

[0048] The mono-or oligo-functional phenol antioxi-
dant used may be any such phenol antioxidant known in
the art. By mono- or oligo-functional it is meant that the
antioxidant comprises one or more phenol moieties hav-
ing antioxidant activity. Such phenol moieties are com-
monly phenols having one or more ortho substituent

groups such as methyl or t-butyl. Oligo-functional phenol
antioxidants may have up to six phenol moieties, such
as up to five phenol moieties, or up to four phenol moie-
ties. The mono-or oligo-functional phenol antioxidants
typically have a molecular weight of less than 2 kDa, such
as less than 1.2 kDa. Where an antioxidant is referred to
herein as a traditional antioxidant, it is meant a mono-or
oligo-functional phenol antioxidant.
[0049] Among the most widely used commercial mo-
no-or oligo-functional phenol antioxidants for polyolefins
are the monofunctional 2,6-di-tert-butyl-phenol, 2,6-Di-
tert-butyl-4-methylphenol (BHT), 2-tert-butyl-4-methoxy-
phenol (BHA) and octadecyl-3-(3,5-di-tert.butyl-4-hy-
droxyphenyl)-propionate (Irganox 1076); the difunctional
2-tert-butyl-6-(2-hydroxy-3-tert-butyl-5-methyl-benzyl)-
4-methyl-phenol (Cyanox 2246) and 2-tert-butyl-6-[(3-
tert-butyl-5-ethyl-2-hydroxyphenyl)methyl]-4-ethylphe-
nol (Cyanox 425); the trifunctional 1,3,5-trimethyl-2,4,6-
tris (3,5-Di-tert-butyl-4-hydroxybenzyl)benzene (Ethan-
ox 330) and 1,1,3-tris (2-methyl-4-hydrox-5-tert-butyl
phenyl) butane (Topanol CA); and the tetrafunctional
pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-hydroxy-
phenyl)propionate) (Irganox 1010).
[0050] The pendant phenol antioxidant moiety and the
mono-or oligo-functional phenol antioxidant may each
have a different sterically hindered phenol structure, or
may each have the same sterically hindered phenol
structure, i.e. they may both have a matching sterically
hindered phenol structure. For example, if the polymeric
antioxidant comprises 3,5-di-t-butyl-4-hydroxyphenyl
propionate moieties then the mono-or oligo-functional
phenol antioxidant may for example be Irganox 1076 or
Irganox 1010, which both also possess a 3,5-di-t-butyl-
4-hydroxyphenyl propionate structure.

Polymer composition

[0051] The composition of the polymer composition
may be varied. The polymer composition may comprise
from 0.1 weight% to 90 weight% of polymeric antioxidant,
such as from 1 weight% to 70 weight%, from 2 weight%
to 50 weight%, or from 5 weight% to 30 weight%, calcu-
lated with respect to the total weight of the polymer com-
position. The polymer composition may comprise from
0.1 weight% to 5 weight% of mono- or oligo-functional
phenol antioxidant, such as from 0.2 weight% to 2
weight%, calculated with respect to the total weight of
the polymer composition. The polymer composition may
comprise from 5 weight% to 99.8 weight% of polymer
matrix, such as from 10 weight% to 99 weight%, from 30
weight% to 98 weight%, or from 50 weight% to 90
weight%, calculated with respect to the total weight of
the polymer composition.
[0052] The polyolefin composition may comprise fur-
ther additives known in the art, including but not limited
to scorch retardants, pigments, dyes, fillers, UV-absorb-
ers, nucleating agents and flame retardants.
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Applications

[0053] The dielectric properties, mechanical proper-
ties and resistance to oxidative degradation make the
polymer compositions well suited for use in electrical ap-
plications. A film comprising the polymer composition
may be used as a dielectric in film capacitors. Such a film
may be biaxially oriented, and/or may be metallized. For
example, the dielectric film may be a biaxially-oriented
polypropylene (BOPP) film. The polymer composition
may be used in other electrical applications requiring an
insulating material or dielectric having lower levels of di-
electric loss. Such applications include insulation mate-
rials for power cables, cable joints, bushings and cable
terminations.

Examples

[0054] A polymeric antioxidant comprising a polypro-
pylene copolymer having 1 mol% pendant 3,5-bis(tert-
butyl)-4-hydroxyphenylpropionate groups was synthe-
sised as described in Zhang, G., Li, H., Antensteiner, M.,
& Chung, T. M. (2015): Synthesis of functional polypro-
pylene containing hindered phenol stabilizers and appli-
cations in metallized polymer film capacitors. Macromol-
ecules, 48(9), 2925-2934. This polymeric antioxidant is
denoted PPHP (i.e. a PolyPropylene-Hindered Phenol
copolymer), and its structure is illustrated in Figure 1.
[0055] Ternary blends of polypropylene (PP) polymer
matrix, polymeric antioxidant (PPHP) and mono-or oligo-
functional phenol antioxidant (AO) were prepared by mix-
ing the PPHP described above with a polypropylene com-
position based upon a commercial PP. The commercial
PP is a polypropylene homopolymer (capacitor grade)
comprising 0.5 wt% of a mono- or oligo-functional phenol
antioxidant. This 0.5 wt% mono- or oligo-functional phe-
nol antioxidant composition is hereafter denoted PP (0.5
wt%). Ratios of from 1:1 PP (0.5 wt%):PPHP to 200:1
PP (0.5 wt%):PPHP w/w were prepared and tested. As
reference materials, the pure commercial PP composi-
tion (comprising 0.5 wt% of a mono- or oligo-functional
phenol antioxidant) was tested, as was a further com-
mercially available polypropylene composition (denoted
PP-Normal which is not a capacitor grade PP).
[0056] In the tests performed, the various samples are
denoted as follows:

Polymer Composition Line nr.

PP-Normal 1
PP (0.5 wt%) 3
PP (0.5 wt%):PPHP 1:1 5
PP (0.5 wt%):PPHP 5:1 7
PP (0.5 wt%):PPHP 10:1 9
PP (0.5 wt%):PPHP 20:1 11
PP (0.5 wt%):PPHP 50:1 13
PP (0.5 wt%):PPHP 100:1 15

Thermogravimetric analysis

[0057] The oxidative stability of the prepared compo-
sitions was tested by performing thermogravimetric anal-
ysis of a sample of each composition at a constant tem-
perature of 190 °C in air. The weight% of each sample
relative to the initial weight as a function of heating time
in minutes is shown in Figure 2, and the samples are
denoted as shown above.
[0058] It can be seen that both commercially available
stabilized polypropylene compositions, PP-Normal (line
1) and PP (0.5 wt%) (line 3) show limited endurance time
at 190 °C, with PP-Normal demonstrating significant
weight loss after less than 50 minutes and PP (0.5 wt%)
demonstrating weight loss after less than 250 minutes.
However, all ternary PP/PPHP/AO blends show signifi-
cantly higher stability. Ternary blends having weight ra-
tios of PP (0.5 wt%):PPHP of 50:1 or higher show almost
no detectable weight loss after 1000 minutes at 190 °C.
Even with a PP (0.5 wt%):PPHP ratio of as high as 200:1
(approximately 0.5 wt% PPHP) the heating time before
appreciable weight loss was in excess of 550 minutes,
which is more than double as long as the comparable
heating time for the PP (0.5 wt%), which is stabilized only
with a mono- or oligo-functional phenol antioxidant.
[0059] The small addition of phenol antioxidant moie-
ties to the polymer composition from PPHP cannot ac-
count for the dramatic increase of the thermal/oxidative
stability. Without wishing to be bound by theory, it seems
that the PPHP copolymer serves as an interfacial agent
between the polypropylene matrix and the mono- or oli-
go-functional phenol antioxidant in order to form a uni-
form morphology with the molecular dispersion of the mo-
no- or oligo-functional phenol antioxidant in the polypro-
pylene matrix. It appears that concentrations of about 2
weight% or greater of PPHP in the polymer composition
are sufficient to provide completely uniform morphology
at the mono- or oligo-functional phenol antioxidant con-
centration tested.

Oxidative Induction Time (OIT)

[0060] The OIT of a number of samples was deter-
mined using the ASTM D3895-14 standard method. This
involves determining the heat flow using differential scan-
ning calorimetry when heating the samples at 190 °C in
oxygen and measuring the response as a function of time.
The results are shown in in the Table below.

(continued)

Polymer Composition Line nr.
PP (0.5 wt%):PPHP 200:1 17

Polymer Composition OIT (min)

PP-Normal 16
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[0061] It can be seen that addition of even small
amounts of polymeric antioxidant (approx. 0.5 wt%) pro-
vides a significant improvement in OIT, and the more
polymeric antioxidant that is added, the larger the im-
provement of OIT obtained.

Claims

1. A polymer composition comprising:

a) a polymer matrix;
b) a polymeric antioxidant compatible with the
polymer matrix, and comprising pendant phenol
antioxidant moieties; and
c) a mono- or oligo-functional phenol antioxi-
dant.

2. A polymer composition according to claim 1, wherein
the polymer matrix comprises one or more of a poly-
olefin, a natural rubber, an acrylic, polystyrene, a sty-
renic copolymer, a polyacetal, a polyamide, a poly-
carbonate, a polyester, a polyurethane, PVC, and
polyvinyl butyral.

3. A polymer composition according to any one of the
preceding claims, wherein the polymer matrix is a
polyolefin selected from polyethylene (PE), polypro-
pylene (PP), polymethylpentene (PMP), polybutene-
1 (PB-1), polyisobutylene (PIB), ethylene propylene
rubber (EPR) and ethylene propylene diene rubber
(EPDM); such as LDPE, LLDPE, VLDPE, HDPE,
XLPE, MDPE, UHMWPE and BOPP.

4. A polymer composition according to any one of the
preceding claims, wherein the polymeric antioxidant
comprises the same monomer units as the polymer
matrix.

5. A polymer composition according to any one of the
preceding claims, wherein the polymer matrix and
the polymeric antioxidant can co-crystallise.

6. A polymer composition according to any one of the
preceding claims, wherein the polymer matrix is a
polyolefin and the polymeric antioxidant is a polyole-
fin copolymer.

(continued)

Polymer Composition OIT (min)
PP (0.5 wt%) 63
PP (0.5 wt%):PPHP 10:1 230
PP (0.5 wt%):PPHP 20:1 180
PP (0.5 wt%):PPHP 50:1 115
PP (0.5 wt%):PPHP 100:1 91
PP (0.5 wt%):PPHP 200:1 82

7. A polymer composition according to any one of the
preceding claims, wherein the pendant phenol anti-
oxidant moieties comprise phenol groups compris-
ing one or two ortho-substituents selected from
C1-C4 alkyl, C1-C4-alkoxy, amino, N-alkylamino and
N, N’-dialkylamino.

8. A polymer composition according to any one of the
preceding claims, wherein the polymeric antioxidant
comprises from 0.2 to 10 mol% pendant phenol anti-
oxidant moieties.

9. A polymer composition according to any one of the
preceding claims, wherein the mono- or oligo-func-
tional phenol antioxidant is selected from 2,6-di-tert-
butyl-phenol, 2,6-Di-tert-butyl-4-methylphenol, 2-
tert-butyl-4-methoxyphenol and octadecyl-3-(3,5-di-
tert.butyl-4-hydroxyphenyl)-propionate, 2-tert-butyl-
6-(2-hydroxy-3-tert-butyl-5-methyl-benzyl)-4-me-
thyl-phenol and 2-tert-butyl-6-[(3-tert-butyl-5-ethyl-
2-hydroxyphenyl)methyl]-4-ethylphenol, the trifunc-
tional 1,3,5-trimethyl-2,4,6-tris (3,5-Di-tert-butyl-4-
hydroxybenzyl)benzene, 1,1,3-tris (2-methyl-4-hy-
drox-5-tert-butyl phenyl) butane, pentaerythritol tet-
rakis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)propion-
ate), and combinations thereof.

10. A polymer composition according to any one of the
preceding claims wherein the pendant phenol anti-
oxidant moiety and the mono- or oligo-functional
phenol antioxidant have a matching hindered phenol
structural element, such as a 3,5-di-tert-butyl-4-hy-
droxyphenylpropionate structural element.

11. A polymer composition according to any one of the
preceding claims wherein the polymer composition
comprises from 0.1 weight% to 90 weight% of poly-
meric antioxidant, calculated with respect to the total
weight of the polymer composition.

12. A polymer composition according to any one of the
preceding claims wherein the polymer composition
comprises from 0.1 weight% to 5 weight% of mono-
or oligo-functional phenol antioxidant, calculated
with respect to the total weight of the polymer com-
position.

13. A polymer composition according to any one of the
preceding claims wherein the polymer composition
comprises from 5 weight% to 99.8 weight% of the
polymer matrix, calculated with respect to the total
weight of the polymer composition.

14. A film capacitor comprising a dielectric, the dielectric
comprising a polymer composition according to any
one of claims 1-13.

15. An electric power system component comprising an

13 14 
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insulator, the insulator comprising a polymer com-
position according to any one of claims 1-13.

Patentansprüche

1. Polymerzusammensetzung, umfassend:

a) eine Polymermatrix;
b) ein polymeres Antioxidans, das mit der Poly-
mermatrix kompatibel ist und seitenständige
phenolische Antioxidansgruppierungen um-
fasst; und
c) ein mono- oder oligofunktionelles phenoli-
sches Antioxidans.

2. Polymerzusammensetzung nach Anspruch 1, wobei
die Polymermatrix ein Polyolefin, einen Naturkaut-
schuk, ein Acryl, Polystyrol, ein Styrolcopolymer, ein
Polyacetal, ein Polyamid, ein Polycarbonat, einen
Polyester, ein Polyurethan, PVC und/oder Polyvinyl-
butyral umfasst.

3. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei es sich bei der Poly-
mermatrix um ein Polyolefin handelt, das aus Poly-
ethylen (PE), Polypropylen (PP), Polymethylpenten
(PMP), Polybuten-1 (PB-1), Polyisobutylen (PIB),
Ethylenpropylenkautschuk (EPR) und Ethylenpro-
pylendienkautschuk (EPDM); wie LDPE, LLDPE,
VLDPE, HDPE, XLPE, MDPE, UHMWPE und BOPP
ausgewählt ist.

4. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei das polymere Antioxi-
dans die gleichen Monomereinheiten wie die Poly-
mermatrix umfasst.

5. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei die Polymermatrix und
das polymere Antioxidans cokristallisieren können.

6. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei es sich bei der Poly-
mermatrix um ein Polyolefin handelt und es sich bei
dem polymeren Antioxidans um ein Polyolefincopo-
lymer handelt.

7. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei die seitenständige
phenolische Antioxidansgruppierung Phenolgrup-
pen umfasst, die ein oder zwei aus C1-C4-Alkyl,
C1-C4-Alkoxy, Amino, N-Alkylamino und N,N’-Dial-
kylamino ausgewählte ortho-Substituenten umfas-
sen.

8. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei das polymere Antioxi-

dans 0,2 bis 10 mol-% seitenständige phenolische
Antioxidansgruppierungen umfasst.

9. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei das mono- oder oligo-
funktionelle phenolische Antioxidans aus 2,6-Di-tert-
butyl-phenol, 2,6-Di-tert-butyl-4-methylphenol, 2-
tert-Butyl-4-methoxyphenol und Octadecyl-3-(3,5-
di-tert-butyl-4-hydroxyphenyl)-propionat, 2-tert-Bu-
tyl-6-(2-hydroxy-3-tert-butyl-5-methyl-benzyl)-4-
methyl-phenol und 2-tert-Butyl-6-[(3-tert-butyl-5-
ethyl-2-hydroxyphenyl)methyl]-4-ethylphenol, dem
trifunktionellen 1,3,5-Trimethyl-2,4,6-tris(-3,5-Di-
tert-butyl-4-hydroxybenzyl)benzol, 1,1,3-Tris(-2-
methyl-4-hydrox-5-tert-butylphenyl) butan, Pentae-
rythrittetrakis(3-(3,5-di-tert-butyl-4-hydroxyphe-
nyl)propionat) und Kombinationen davon ausge-
wählt ist.

10. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei die seitenständige
phenolische Antioxidansgruppierung und das mono-
oder oligofunktionelle phenolische Antioxidans ein
übereinstimmendes Strukturelement vom Typ ge-
hindertes Phenol, wie ein 3,5-Di-tert-butyl-4-hydro-
xyphenylpropionat-Strukturelement, aufweisen.

11. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei die Polymerzusam-
mensetzung 0,1 Gew.-% bis 90 Gew.-% polymeres
Antioxidans, berechnet bezogen auf das Gesamtge-
wicht der Polymerzusammensetzung, umfasst.

12. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei die Polymerzusam-
mensetzung 0,1 Gew.-% bis 5 Gew.-% mono- oder
oligofunktionelles phenolisches Antioxidans, be-
rechnet bezogen auf das Gesamtgewicht der Poly-
merzusammensetzung, umfasst.

13. Polymerzusammensetzung nach einem der vorher-
gehenden Ansprüche, wobei die Polymerzusam-
mensetzung 5 Gew.-% bis 99,8 Gew.-% der Poly-
mermatrix, berechnet bezogen auf das Gesamtge-
wicht der Polymerzusammensetzung, umfasst.

14. Folienkondensator, der ein Dielektrikum umfasst,
wobei das Dielektrikum eine Polymerzusammenset-
zung nach einem der Ansprüche 1-13 umfasst.

15. Komponente eines elektrischen Netzes, die einen
Isolator umfasst, wobei der Isolator eine Polymerzu-
sammensetzung nach einem der Ansprüche 1-13
umfasst.
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Revendications

1. Composition de polymère comprenant :

a) une matrice de polymère ;
b) un antioxydant polymérique compatible avec
la matrice de polymère, comprenant des frag-
ments antioxydants phénoliques pendants ; et
c) un antioxydant phénolique monofonctionnel
ou oligofonctionnel.

2. Composition de polymère selon la revendication 1,
la matrice de polymère comprenant l’un ou plusieurs
parmi une polyoléfine, un caoutchouc naturel, un
acrylique, un polystyrène, un copolymère styréni-
que, un polyacétal, un polyamide, un polycarbonate,
un polyester, un polyuréthane, un PVC, et un po-
ly(butyral de vinyle).

3. Composition de polymère selon l’une quelconque
des revendications précédentes, la matrice de poly-
mère étant une polyoléfine choisie parmi un polyé-
thylène (PE), un polypropylène (PP), un polyméthyl-
pentène (PMP), un polybutène-1 (PB-1), un polyiso-
butylène (PIB), un caoutchouc d’éthylène propylène
(EPR) et un caoutchouc d’éthylène propylène diène
(EPDM) ; telle qu’un LDPE, un LLDPE, un VLDPE,
un HDPE, un XLPE, un MDPE, un UHMWPE et un
BOPP.

4. Composition de polymère selon l’une quelconque
des revendications précédentes, l’antioxydant poly-
mérique comprenant les mêmes motifs monoméri-
ques que la matrice de polymère.

5. Composition de polymère selon l’une quelconque
des revendications précédentes, la matrice de poly-
mère et l’antioxydant polymérique pouvant co-cris-
talliser.

6. Composition de polymère selon l’une quelconque
des revendications précédentes, la matrice de poly-
mère étant une polyoléfine et l’antioxydant polymé-
rique étant un copolymère de polyoléfine.

7. Composition de polymère selon l’une quelconque
des revendications précédentes, les fragments an-
tioxydants phénoliques pendants comprenant des
groupes phénol comprenant un ou deux substituants
en ortho choisis parmi C1-4 alkyle, C1-4 alcoxy, ami-
no, N-alkylamino et N,N’-dialkylamino.

8. Composition de polymère selon l’une quelconque
des revendications précédentes, l’antioxydant poly-
mérique comprenant de 0,2 à 10 % en moles de
fragments antioxydants phénoliques pendants.

9. Composition de polymère selon l’une quelconque

des revendications précédentes, l’antioxydant phé-
nolique monofonctionnel ou oligofonctionnel étant
choisi parmi le 2,6-di-tert-butyl-phénol, le 2,6-di-tert-
butyl-4-méthylphénol, le 2-tert-butyl-4-méthoxyphé-
nol et le 3-(3,5-di-tert.butyl-4-hydroxyphényl)-pro-
pionate d’octadécyle, le 2-tert-butyl-6-(2-hydroxy-3-
tert-butyl-5-méthyl-benzyl)-4-méthyl-phénol et le 2-
tert-butyl-6-[(3-tert- butyl-5-éthyl-2-hydroxyphé-
nyl)méthyl]-4-éthylphénol, le 1,3,5-triméthyl-2,4,6-
tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzène tri-
fonctionnel, le 1,1,3-tris(2-méthyl-4-hydrox-5-tert-
butyl phényl)butane, tétrakis(3-(3,5-di-tert-butyl-4-
hydroxyphényl)propionate) de pentaérythritol, et
des combinaisons correspondantes.

10. Composition de polymère selon l’une quelconque
des revendications précédentes, le fragment an-
tioxydant phénolique pendant et l’antioxydant phé-
nolique monofonctionnel ou oligofonctionnel possé-
dant un même élément structural de type phénol en-
combré, tel qu’un élément structural de type 3,5-di-
tert-butyl-4-hydroxyphénylpropionate.

11. Composition de polymère selon l’une quelconque
des revendications précédentes, la composition de
polymère comprenant de 0,1 % en poids à 90 % en
poids d’antioxydant polymérique, calculé par rapport
au poids total de la composition de polymère.

12. Composition de polymère selon l’une quelconque
des revendications précédentes, la composition de
polymère comprenant de 0,1 % en poids à 5 % en
poids d’antioxydant phénolique monofonctionnel ou
oligofonctionnel, calculé par rapport au poids total
de la composition de polymère.

13. Composition de polymère selon l’une quelconque
des revendications précédentes, la composition de
polymère comprenant de 5 % en poids à 99, 8 % en
poids de la matrice de polymère, calculé par rapport
au poids total de la composition de polymère.

14. Condensateur en film comprenant un diélectrique,
le diélectrique comprenant une composition de po-
lymère selon l’une quelconque des revendications 1
à 13.

15. Composant de système d’énergie électrique com-
prenant un isolant, l’isolant comprenant une compo-
sition de polymère selon l’une quelconque des re-
vendications 1 à 13.
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